Recent studies have reported a high prevalence of primary aldosteronism among patients with severe hypertension. However, the prevalence of this disease among normotensive and mildly hypertensive patients has not been determined. The aim of this study was to examine the prevalence of primary aldosteronism among prehypertensive and stage 1 hypertensive subjects. A total of 292 adult subjects with hypertension or prehypertension was screened for primary aldosteronism. Subjects with a plasma aldosterone concentration (ng per 100 ml) to plasma renin activity (ng ml -1 h -1 ) ratio (ARR) above 20 underwent confirmatory captopril suppression testing. A total of 54 subjects (18.5%) had an ARR above 20. A captopril suppression test was performed in 17 of 54 subjects with probable primary aldosteronism. The test confirmed the diagnosis of primary aldosteronism in 11 (64.7%) of 17 patients, giving a least prevalence of 3.8% for this disease. The 11 patients with primary aldosteronism had a mean ± s.d. systolic blood pressure of 139 ± 4 mm Hg, diastolic blood pressure of 95 ± 10 mm Hg and serum potassium of 4.46 ± 0.48 mEq l -1 at the time of screening test. The prevalence of primary aldosteronism as could be assessed in this study was at least 6.8% in prehypertensive patients, 3.3% in stage 1 hypertensive patients and 3.1% in stage 2 hypertensive patients. In conclusion, this study suggests a high prevalence of primary aldosteronism among prehypertensive and stage 1 hypertensive Japanese patients. Significant numbers of prehypertensive individuals may have subclinical forms of this disease.
INTRODUCTION
Primary aldosteronism has historically been thought to be an uncommon cause of secondary hypertension, with prevalence rates of o0.5%. In addition, spontaneous hypokalemia has been considered obligatory for ordering diagnostic tests for primary aldosteronism. However, it is now recognized that significant numbers of patients with primary aldosteronism are not hypokalemic, and recent studies using the plasma aldosterone concentration (PAC) to plasma renin activity (PRA) ratio (ARR) as a screening test among both hypokalemic and normokalemic hypertensives have resulted in much higher prevalence estimates for this disease, [1] [2] [3] [4] as high as 8-30% in severe and/or resistant hypertensive populations. 5 Screening for primary aldosteronism is often indicated in individuals with moderate to severe hypertension and/or resistant hypertension, as the degree of hypertension with this disease is believed to usually be severe and may be resistant to usual pharmacological treatments. However, the clinical and biochemical features vary widely. Sporadic cases of normotensive primary aldosteronism have been rarely described, [6] [7] [8] [9] and normotensive patients have been observed among individuals with familial hyperaldosteronism type-I (FH-I); 10 however, the prevalence of this disease in normotensive and mild hypertensive populations has not been determined. 6, 7, 11, 12 The purpose of this study was to examine the prevalence of primary aldosteronism in an unselected Japanese population with prehypertension and stage 1 hypertension at a health screening center.
METHODS
A total of 292 consecutive adult subjects with hypertension or prehypertension visiting the Health Screening Center at KKR Hokuriku Hospital for a general health screening (annual health examination) was screened for primary aldosteronism. Subjects taking antihypertensive agents, and those with renal disease, hepatic failure or cardiac failure, were excluded from the study. The severity of hypertension was staged according to the Joint National Committee 7 criteria: prehypertension, 120 to 139/80 to 89 mm Hg; stage 1, 140 to 159/90 to 99 mm Hg; and stage 2, 4160/100 mm Hg. 13 The procedures used for the diagnosis of primary aldosteronism were in accordance with the guideline of the Japanese Society of Hypertension 2009 and Japanese Endocrine Society. Briefly, the subjects were advised to maintain an average dietary salt intake for the Japanese population (approximately over 11 g per day) before ARR testing and throughout the subsequent diagnostic screening for primary aldosteronism, and they were evaluated between 0800 and 1000 hours after an overnight fast. With subjects in the sitting position, blood pressure was measured with a properly calibrated and validated mercury sphygmomanometer by a healthcare professional. The subjects were seated quietly for at least 5 min in a chair with their feet on the floor, and an arm supported at heart level using an appropriate-sized cuff (cuff bladder encircling at least 80% of the arm). At least two measurements were made, and the mean value was calculated. The first and fifth Korotkoff sounds were used to designate systolic (SBP) and diastolic blood pressures (DBP). Written, informed consent was obtained from all participants. Blood was withdrawn from the antecubital vein to measure potassium, PAC and PRA after at least 2 h of upright posture (sitting, standing or walking), with patients seated at the time of blood collection. PAC (ng per 100 ml) and PRA (ng ml -1 h -1 ) were measured by radioimmunoassay using commercially available kits (SRL, Tokyo, Japan). In samples with PRA o0.2 ng ml -1 h -1 , a PRA of 0.2 ng ml -1 h -1 was used for the calculation of ARR to avoid overinflating the ARR. An ARR 420 was regarded as being increased and suggestive of primary aldosteronism. In patients with an increased ARR, to confirm or exclude primary aldosteronism, the captopril suppression test was performed as an outpatient procedure after an overnight fast; blood samples for PAC and PRA were obtained 90 min after the patients received a 50-mg dose of captopril orally and rested in the supine position. The diagnosis was definite primary aldosteronism if the patients had a high ARR (420) after the captopril suppression test. 4 Patients with a confirmed diagnosis of primary aldosteronism underwent adrenal computed tomography scanning and adrenal venous sampling (AVS) by a highly experienced radiologist to differentiate unilateral from bilateral adrenal aldosterone overproduction. Adrenal vein cannulation was considered successful if the adrenal vein/inferior vena cava cortisol gradient was greater than two times. Unilateral aldosterone overproduction was defined when an aldosterone to cortisol ratio on one adrenal vein was greater than two times the ratio on the other adrenal vein and on the other side was less than the peripheral vein ('contralateral suppression'), and less than two times with ratios more than the peripheral value on each adrenal vein for bilateral aldosterone overproduction. 14 Patients with bilateral hyperaldosteronism were clinically diagnosed as having idiopathic hyperaldosteronism. In patients with unilateral hyperaldosteronism, adrenalectomy and pathological examination were performed, and follow-up data were collected after surgery.
No patients with definite primary aldosteronism underwent genetic testing for the presence of the CYP11B1-CYP11B2 hybrid gene responsible for the glucocorticoid-remediable form of primary aldosteronism because of the relative rarity of that subtype (B1% of patients with primary aldosteronism).
ARR values are reported as medians (interquartile range), and other data for continuous variables are reported as means±s.d. Values were compared between the groups using Student's t-test, Welch's t-test or the Mann-Whitney U-test. The w 2 -test or Fisher's exact test was used as appropriate for categorical variables. Observed differences were assumed to be statistically significant if Po0.05. As only a small proportion of the subjects with an increased ARR underwent a captopril suppression test, the true prevalence of primary aldosteronism cannot be determined from this study. Therefore, we calculated the least prevalence of primary aldosteronism as 'the number of positive subjects in the captopril suppression test' divided by 'the total subjects in the screening test' times 100.
RESULTS
A total of 292 consecutive subjects (44 females, 248 males) visiting the Health Screening Center from July 2006 through June 2007 were studied ( Table 1 ). The diagnostic flow chart for primary aldosteronism is shown in Table 2 . Study subjects had a mean ± s.d. age of 51.1 ± 7.5 (range 33-72) years. Their SBP was 146±12 mm Hg, their DBP was 95 ± 9 mm Hg, and their serum potassium was 4.27 ± 0.34 mEq l -1 . Overall, 44 subjects (15.1%) were categorized as having prehypertension, 152 subjects (52.1%) were categorized as having stage 1 hypertension and 96 subjects (32.9%) were categorized as having stage 2 hypertension.
A total of 54 subjects (18.5%) had an ARR above 20, and they were regarded as having probable primary aldosteronism. There were no statistically significant differences in age, SBP, DBP or serum potassium levels between subjects with and without probable primary aldosteronism. Compared with subjects without probable primary aldosteronism, subjects with probable primary aldosteronism had a higher PAC (12.0 Table 1) .
A captopril suppression test was performed in 17 of the 54 subjects with an increased ARR, whereas the other 37 of 54 subjects did not visit our hospital for further examinations. In prehypertensive subjects, 50% of the positive subjects in the screening test underwent the captopril suppression test (Table 2 ). There were no statistically significant differences in age, SBP, DBP, serum potassium, PAC, PRA or ARR between the 54 subjects with an increased ARR and the 17 patients who underwent captopril suppression testing. The test confirmed the diagnosis of primary aldosteronism in 11 (64.7%; 3 females and 8 males) of 17 patients, giving a least prevalence of 3.8% for this disease ( Table 2) .
The 11 patients with primary aldosteronism had a mean±s.d. age of 53.1 ± 6.5 years; their SBP was 139 ± 4 mm Hg; their DBP was 95 ± 10 mm Hg; their serum potassium was 4.46 ± 0.48 mEq l -1 ; their Table 3) . The blood pressure measurements of the 11 patients with primary aldosteronism are shown in Table 4 . Three patients were categorized as having prehypertension; five patients were categorized as having stage 1 hypertension; and three patients were categorized as having stage 2 hypertension. Although the true prevalence of primary aldosteronism cannot be determined from this study, the prevalence of primary aldosteronism as could be assessed in this study was at least 6.8% (3 of 44 subjects) in prehypertensive subjects, 3.3% in stage 1 hypertensive patients and 3.1% in stage 2 hypertensive patients ( Table 2) .
AVS was performed in 9 of 11 patients with confirmed primary aldosteronism for localization studies. Successful cannulation of the adrenal veins was achieved in eight (88.9%) of the nine who have so far undergone AVS; five (62.5%) patients demonstrated lateralization of aldosterone overproduction to one adrenal gland (two patients were prehypertensive, one was stage 1 hypertensive and two patients were stage 2 hypertensive), and three (37.5%) patients exhibited bilateral overproduction (one patient was prehypertensive and two were stage 1 hypertensive) and were clinically diagnosed as having idiopathic hyperaldosteronism (Tables 2 and 4) . Adrenalectomy was performed in four of five patients with unilateral aldosterone overproduction, and the results of the pathological examinations of the removed adrenal glands were compatible with aldosterone-producing adenoma in three patients and nodular hyperplasia in one patient. Blood pressure decreased in all the four patients after adrenalectomy. Adrenal computed tomography was not useful to distinguish between unilateral and bilateral disease, as computed tomography detected no abnormal findings in the adrenal glands with unilateral hyperaldosteronism defined by AVS in four of five patients, and a bilateral adrenal mass was present in one patient with aldosterone-producing adenoma (Table 4) .
DISCUSSION
This study suggests a high prevalence of primary aldosteronism among an unselected Japanese population of prehypertensive and stage 1 hypertensive patients. The true prevalence of primary aldosteronism among prehypertensive or hypertensive individuals in our region cannot be precisely determined from this study, as only a small proportion of the subjects suspected as having primary aldosteronism underwent a captopril suppression test as a confirmatory test. Nevertheless, at least 6.8% of prehypertensive subjects (3 of 44 subjects) was confirmed as having a diagnosis of primary aldosteronism on the captopril suppression test and demonstrated lateralization of aldosterone overproduction on AVS; this rate of diagnosis of primary aldosteronism is rather high.
Nonhypertensive primary aldosteronism has been thought to be exceedingly rare. As far as we are aware, only 18 reports of sporadic cases have been documented in the English literature; 8,9,15,16 many cases were middle-aged Eurasian (especially Japanese) women, which suggests that genetic and sex-related protective factors have a function in the response to excessive aldosterone, and that this disease may have a higher prevalence in the nonhypertensive Japanese population. Table 3 Comparison of subjects with and without primary aldosteronism Many normotensive patients with excessive aldosterone production have also been observed among individuals with FH-I, and female patients with FH-I were relatively protected against the development of early-onset or severe hypertension. 10 It is therefore likely that there are nonhypertensive patients with all forms of primary aldosteronism, whether familial or sporadic. Screening for primary aldosteronism is primarily limited to patients presenting with moderate to severe hypertension, 17 because many recent studies have reported a much higher prevalence of this disease in severe and/or resistant hypertensive patients. 1, 5, [18] [19] [20] In contrast, screening for primary aldosteronism in nonhypertensive or mild hypertensive populations has been described in only a few reports. 6, 7, 11, 12 Therefore, the prevalence of this disease in normotensive or stage 1 hypertensive patients has not yet been determined. The prevalence of normotensive primary aldosteronism is probably underestimated, because screening for primary aldosteronism has been almost never performed in normotensive patients without hypokalemia or an adrenal mass. Several possible causes of the nonhypertensive form of primary aldosteronism must be considered. Vantyghem et al. 8 reported that blood pressure fell markedly after aldosterone-producing adenoma surgery in their nonhypertensive patients, suggesting that hyperaldosteronism had induced relative hypertension; however, the blood pressure remained at nonhypertensive levels due to very low spontaneous baseline levels. Another major explanation is that some of the study participants had mild, subclinical hyperaldosteronism because they were in the early phase of this disease, and hypertension may develop later and be detected on follow-up. 21, 22 Estrogens may modulate the renin-angiotensin system and also have vasodilating actions on peripheral blood vessels and contribute to normalization of blood pressure, 23 because 70% of previously reported normotensive primary aldosteronism patients were women. 9 Rigorous sodium depletion may lower their blood pressure and could explain their normotensive status. However, patients in this study were advised to maintain an average dietary salt intake for a Japanese population (411 g per day), which is much higher than that in several foreign countries.
This study had several limitations. First, a captopril suppression test was performed in only 17 of the 54 subjects with probable primary aldosteronism after screening showed an ARR 420. As it was impossible to calculate the exact prevalence rate including these 'dropouts' , only the least prevalence rate could be reported. However, the prevalence rate was underestimated by this calculation; the prevalence of primary aldosteronism was at least 6.8% in prehypertensive patients and 3.3% in stage 1 hypertensive patients, indicating primary aldosteronism might not be uncommon in these patients. Second, the diagnosis of primary aldosteronism was based on only captopril suppression testing in this study, but several authors reported that the captopril suppression test is dependent on the sodium intake and less reliable than the saline load or fludrocortisone suppression test as a confirmatory test. Although we did not check 24-h urinary sodium measurements or spot urine samples to calculate a sodium/creatinine index, the study subjects were advised to maintain an average dietary salt intake for the Japanese population (411 g per day). Such a large salt intake is sufficient for confirmative captopril suppression tests, because both the captopril suppression test and the saline infusion test have been shown to be accurate for confirming primary aldosteronism due to aldosterone-producing adenoma at a salt intake of 47.6 g per day. 24 The captopril suppression test has been described as reliable, specific and safer for the diagnosis of primary aldosteronism, may be as good as tests of sodium suppression in confirming the diagnosis of primary aldosteronism, [24] [25] [26] [27] [28] and has been recommended as a confirmatory test for the diagnosis of primary aldosteronism by the Japanese Society of Hypertension 2009 and Japanese Endocrine Society. Moreover, in this study, 8 (72.7%) of 11 patients with primary aldosteronism demonstrated lateralization of aldosterone overproduction on AVS, and the diagnosis of primary aldosteronism is highly likely in such patients.
In summary, this study suggested that primary aldosteronism was not uncommon in prehypertensive and stage 1 hypertensive Japanese patients. Given that recent evidence suggests that primary aldosteronism is a common condition, significant numbers of prehypertensive individuals may have subclinical forms of this disease.
